An earlier study (Steward 1995) analysed food innovation in terms of competition between different technological trajectories over periods of several decades influenced by the organisation and balance of business, government and public interests. A current study seeks to develop this further by drawing on social network analysis in order to explore the relationship between the innovation process and controversies over risk. It aims to create a knowledge base of value to the development of European environmental policy as expressed, for example, in the European Commission's programme 'Towards Sustainability (European Commission 1993) with its commitment to: 'the central importance of the consumer in reorienting technological priorities towards sustainability; the need to integrate different policy dimensions in order to develop effective sectoral strategies for sustainability; and the creation of structures facilitating the participation of citizens and non governmental actors'.
It has been recognised for some time that the promotion/stimulation of new technologies and the regulation/control of harmful environmental consequences tend to occur as two separate social processes: a 'bifurcation of these twin dimensions of modern technology' (Irwin & Vergragt ,1989) They criticise the 'separation between the domains of innovation and regulation' in academic studies by contrasting those which focus on the private firm, the economic domain and technological performance with those which concentrate on the public domain, policy processes and technological risks.
They call instead for innovation and regulation to be viewed as part of the 'same social and technical process' and for research to focus on the social and institutional interactions and negotiations of the 'groups and actors -both within and outside industrial firms -which shape innovation'. This shaping is seen to occur through the establishment of a 'dominant problem definition' from the specific views of the problems to be solved held by the different actors. They begin to define the importance of actors at a finer level than that of the firm or state but while calling for analytical attention and empirical investigation of these interactive processes the case study is the only methodological approach that is explicitly mentioned. (Irwin & Vergragt ,1989) 
Network conceptualisations drawing on evolutionary models of technology
From the early 1990s there has been a growing number of studies drawing on the evolutionary economics tradition which have utilised network concepts in order to develop a systematic theoretical framework for exploring the relationship between innovation and risk. Groenewegen & Vergragt (1991) explicitly employ the theoretical framework of social networks to investigate the relationship between the innovation process within the firm and the wider context of public environmental concerns. The formation and expansion of social networks between intrafirm actors (eg R&D groups, marketing units etc) and with extrafirm actors (eg customers, government agencies etc) are analysed in relation to the direction of technological change.
Firm based networks
Networks are considered to be created through a process of negotiation between different actors about a common 'problem definition' which, once established, remains relatively stable along with the social network structure of the actors who share it. In contrast with the social constructivist approach the formation and development of social networks is constrained by 'preexisting organisational structures' and the authors are interested in how changes in networks may be brought about, through, for example, the insertion of new specialised environmental units.
Three layers of internal and external networks are identified: the production network of actors such as manufacturing sites, suppliers and customers, the innovative network of actors such as research units and marketing groups, and the strategic network of top management and corporate staff. The study of five chemical firms showed that companies generally acted in anticipation of regulation with the internal production and innovation networks adapting toward acceptance, as did the external strategic network in some cases while in others it was emp loyed to resist it. This showed a difference between the role of the 'technical' networks (production and innovation) and the 'policy' network (strategy/external).
The specialised environmental units varied in their network location between firms. In some they were restricted to the production networks while in others they also had influence in the innovation and strategy networks. The study identified different types of organisational positioning of environmental units but the patterns of network relationships were not explored in a systematic fashion. The need for the development of indicators of 'organisational structure' is identified but not pursued. Schot (1992) locates the innovation/risk problematic in the framework of quasievolutionary techno logy dynamics. This is proposed as an alternative to the independence and separateness of selection and variation in neo Schumpeterian evolutionary economics or their coincidence and simultaneity as suggested in the coevolutionary 'seamless web' models of actor network sociology. The Schot model emphasises instead the 'linked by actors' relationship between variation and selection.
This linkage may occur in three ways: 'ex ante selection' by anticipative adjustments of heuristics by firms; 'strategic niche management' which attempts to create a niche to protect desired variation; and thirdly, a 'nexus' of 'institutional links' which 'mediate between technological opportunities and environmental requirements' through 'active efforts' and a 'learning process'. This relational model highlights the role of three different types of actor: internal actors who 'determine the content of variety generation', external actors who try to 'selectively influence' variation, and nexus actors who 'couple variation and selection'. The third role draws explicitly on the relational roles of organisational sociology: translator, gatekeeper and boundaryspanner.
Although acknowledging that such role may be played by departments or individuals within a firm Schot's discussion is confined to the 3 institutions at the formal organisational level: marketing, environmental and quality assurance departments. The importance of interaction between actors is emphasised by a suggested new role for public authorities: 'creating networks between actors and establishing and enforcing the rules of the game for these networks'. The analysis places networks centre stage but does not draw on or develop social network theory in relation to them. Coombs (1995) argues that the emergent synthesis of evolutionary economics and actor-network sociology provides an intellectual framework for transcending the traditional promotion/ control dichotomy and involves a 'network-based understanding' of the innovation process. The approach suggests that 'interests…are not…defined by some over-arching social order, but are in fact continuously redefined and reconstructed, in parallel with the creation and use of technology itself' and that 'large scale features of the political and economic structure…are made present in concrete micro-situations not as fixed and unambiguous constraints but rather through the interpretations and discourses to be found amongst the actors in a particular network' . He argues that 'the careful analysis of networks and their role on constituting technologies in society, is a potentially important contributor to the evolution and outcomes of such networks'. (Coombs 1995) The 'interface between the variety generation process and the selection environment' is highlighted with particular attention to the internal selection environment within the firm [where]…networks…act as vectors to concentrate the effects of broader social networks on the emerging technologies and their properties'. An understanding of 'the networks which create technology in the firm' will enable an exploration of 'the connections between two categories of social networks…networks which articulate the perceived contributions of technologies and products to the profitability and survival of business firms, and…networks which articulate the evaluations of technologies and products made by citizens, consumer groups, and public bodies of various types. (Coombs 1995) Coombs own exploration of the challenging research agenda posed by this conceptualisation of two categories of social network is limited in the one case to a consideration of the formal location of technology and product strategy in large firm R&D organisation and in the other case to a proposal for new public 'product specifying' research institutes. This is motivated by a brave attempt to identify practical possibilities for policy interventions to 'amplify the connections' between the two categories of network and which are based on current knowledge and avoid variety reduction.
Two types of social network
While it suggests intriguing parallels between the new organisation theory approach to the emergent, processual and political nature of strategy and actor network theory it does not pursue the implications of the framework for a more open empirical investigation of actually existing social networks and their interface.
Network approaches to organisation and policy processes
The emerging paradigm drawing on evolutionary economics which focuses on network relationships between variation and selection appears a fruitful one which raises many intriguing questions for further research. One of these is the degree to which the two types of network can be regarded as analytically or substantively similar, or whether they are distinct as suggested by Blauwhof (1994) who contrasts micro variation processes where the 'economic actor' is the referent and selection processes which have a discourse or communication network as its referent. Another is the relative significance of formal organisational solutions to the interface between networks compared with the need for deeper understanding of the nature and role of informal relationships.
A closer integration of the insights of technology studies with those from organisation and policy studies might offer a productive way forward. Network concepts have been increasingly employed from an organisational perspective to analyse the innovation process in the firm. The policy oriented fields of risk controversies and policy development in network terms. These fields offer some rich resources for elaborating the theoretical framework further as a basis for empirical exploration.
Innovation networks
Freeman's (1991) review of innovation networks emphasises the pervasive and often informal nature of networks within the firm and their relationships externally. It essentially argues that the empirical tradition of innovation research from the early 1970s points to the importance of networks, even though the term is rarely used explicitly. Conway and Steward (1996) have reviewed the literature which points to such an approach. Technological innovation should not be viewed as resulting from a single idea, but from a bundle or ensemble of ideas, information, technology, codified knowledge and know-how, which may or may not be embodied within the new product or process. Furthermore, new ideas seldom appear fully formed and articulated from a single source. This implies that innovation generally arises from a portfolio or network of actors and relationships. Studies of successful technological innovation have highlighted the importance of a number of key characteristics of these 'innovation networks': the key role of external sources and boundary-spanning activity; the diversity of internal and external actors involved in the development process; and the importance of informal or personal relationships in supplementing and 'breathing life' into formally prescribed relationships (the organisation chart) and linkages at the level of the organisation (e.g. joint ventures).
Studies have also indicated the importance of managing relationships across internal interfaces, such as between project groups, functional departments, and divisions. In particular, research has highlighted the importance of the internal marketing and R&D interface. A diverse range of external sources have been found to contribute to the development of successful innovation, including research organisations, suppliers, competitors, users, consumers and distributors A number of other studies have indicated the importance of informal or personal boundary-spanning contact to the innovation process and particularly in relation to the transfer of tacit knowledge. (MacDonald & Williams 1993) The importance of network relationships in the innovation process, shown through these studies, is reflected in the growing number of investigations into particular types of these relationships, particularly external inter-firm collaboration. Studies which seek to reveal the relational diversity of the innovation process are far less common. (Tidd 1995) The reliance on the case study methodology in such studies poses problems for comparative work and this has let to interest in new approaches which can capture such diversity in a more systematic analytical fashion.
What is of particular interest is to explore whether certain theoretical propositions about network characteristics and associated behaviour can be tested in a new and more rigorous fashion. One set of such propositions is essentially concerned with the emergence of novelty in any such system and there are a variety of network characteristics such as 'openness' and 'weak ties' which suggest favourable conditions for new ideas to be identified and utilised. Another set of theoretical frameworks is more concerned with how choice is exercised between a variety of different technological possibilities and why a particular option is selected.
The actor network approach of Bruno Latour and Michel Callon (Callon & Latour 1981) argues that the process of innovation should itself be viewed as the formation of a network of human and non human actors through a process of enrolment, translation and closure. The emergence of a particular technological path is an expression of the capacity of an individual actor to construct such a stable network. This capacity is seen to rest on translation and enrolment abilities. The power of the actor network approach has been to reconceptualise the process of innovation in a completely relational fashion and refocuses the analysis of innovation toward the reconstruction of networks. These networks are no more or less than the expression of a set of discursive interactions.
A number of authors have located themselves on actor network foundations but have balked at the radical associationism of the Latourian approach and have sought to retain some notion of structural influences on power and outcomes Elzen et al (1996) employ the concept of sociotechnical networks which are defined as 'those interactions that have some relationship with the development of the artefact' and recast the issue of structural influences as those of 'preexisting networks' on the prospects for the 'development of new configurations of actors'.
Mapping innovation networks
Visual mapping of innovation networks offers the possibility of portraying the full pattern of significant relationships in different cases of innovation. The development of any technique for mapping such networks needs to recognise certain key characteristics as of central importance. It must have the power to systematically reveal a diversity of actors -internal and external -and a diversity of relationshipsinformal and formal. Many forms of depiction do not capture this diversity. At the heart of developing a suitable approach is the fundamental issue of specifying more precisely what is to be included in the 'innovation network' under investigation. The definition of a boundary which is based on a clear concept of the innovation process is critical. Steward and Conway (1998) have used such an approach in the analysis of environmental innovations in the UK and Germany. Through the mapping of the focal action-sets it was possible to compare and contrast the pattern of the networks mobilised in the development of each of the environmental innovations. Analysis of these graphical representations revealed that the typical morphology of the UK and German focal innovation action-sets were found to differ in two main respects: firstly, the UK action-sets exhibited strong linkages into the research-base, while the German action-sets highlight linkages to the regulatory and public domain; secondly, the UK action-sets frequently incorporated two focal organisational actors (one researchorientated and one market-orientated) to bridge the gap between the research-base and the market-place. Thus, when the action-sets are mapped-out using the segmented templates, the UK cases most often exhibited linkages into the upper-left (knowledge) and lower-right (customer) segments, while the German cases most often revealed linkages into the upper-right (regulatory and political-cultural environment) and lower-left (supplier) segments. The knowledge/customer pattern of innovation network is shown in the UK Hotwork International case (Figure 1 ) and the supplier/regulator pattern in the German Brauerei Felesenkeller Helford case ( Figure  2 ).
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Key to Figures 1 & 2: Actor Types
The research method adopted in the investigation proved to be effective in revealing the diversity of interactions in environmental innovation networks. Both sets of cases show that management of communication across a range of different organisational interfaces is an essential part of the innovation process and requires capabilities for handling multiple discourses. The results show the inadequacy of prescriptions for organisational greening which privilege a particular type of interface or mode of communication.
Two main contrasting patterns of innovation network were found in the study. The knowledge/customer network type with strong linkages into the research-base was commonest in the UK set of cases while the regulator/supplier network type highlighting linkages to the regulatory and public domain was commonest in the German set of cases. The UK networks frequently incorporated inter-organisational collaboration between two focal actors (one research-orientated and one marketorientated) while the German networks often had a more formalised internal environmental management function
The knowledge/customer type of network prominent among the UK cases was associated with an 'opportunity' led form of environmental innovation. The regulator/supplier type of network prominent among the German cases was associated with a 'compliance' led form of environmental innovation. The network mapping approach has the capacity to evaluate the pattern of innovation networks and focus attention on critical relationships within them without prejudgement.
Risk arenas and policy networks
Renn (1992) employs the 'social arena' concept in relation to risk debates as an alternative both to macro structuralist approaches and to micro rational actor or social constructivist theory. The arena incorporates 'only those actions of individuals or social groups that are intended to influence collective decisions or policies'. Through this it aims to elucidate a set of actors and the 'dynamics of their interactions'. Although the approach seeks to identify the arena rules and the communications patterns between actors 'the fundamental axiom is that resource availability determines the degree of influence for shaping policies'. A focus of the approach is on the ability of actors to mobilise resources.
The arena concept seeks to explain the policy process by analysing the 'symbolic location' of the actors involved. Such symbolic locations are 'neither geographical entities nor organisational systems' and the arena concept therefore avoids prejudging which structural relationships may be of significance. It is defined by the characteristics of a specific autonomous policy field which also includes different institutional contexts (science, law etc) which Renn terms 'stages'. The arena is characterised by a set of formal and informal 'rules' which set structural limits to the options for action, yet can themselves be modified by novel forms of political action and 'often behave like indeterministic or or nonlinear systems' with small changes in strategies or rules able to produce major changes in conflict outcomes.
The range of resources mobilised by actors in the arena range from monetary wealth and legal authority to powers of persuasion, cultural meaning and evidence. 'Communication' between actors in the process of conflict over risk is seen as the mode for 'gaining or exchanging resources' and for 'defining the stakes' of each actor in the arena. Discourses in which actors show a 'capacity for empathy' or 'envision the common good' may lead to agreements beyond a utilitarian balance of individual interests. Risk arenas show characteristics of 'highly ambiguous evidence presented by different actors, weak rule enforcement agencies and a lack of immediate personal experience about the potential consequences of political decisions' which leads Renn to conclude that 'the generation and distribution of resources relies almost entirely on the success of communication efforts'. He further acknowledges that a problem for the empirical operationalisation of arena theory is that since the resources are defined so broadly then 'any social behaviour can be interpreted as a resource mobilisation effort'. Since 'the fundamental axiom is that resource availability determines the degree of influence for shaping policies' this is a serious difficulty.
Nevertheless the arena approach outlined by Renn provides a useful guide to the empirical analysis of risk conflict while accepting his proviso that it needs 'further conceptual and instrumental specification'. The risk arena concept draws on the public arena ideas of Hilgartner & Bosk (1988) yet Renn's treatment makes no reference to the social network tradition on which this drew: 'we borrow from organisational network theory, stressing the influence of and the interrelationships between institutions and social networks in which problem definitions are framed and publicly presented.' Interestingly the accompanying interest in 'the role of drama' echoes the twin concerns of Moreno the pioneer of the network sociogram.
The notion of a 'policy network' has attracted considerable attention in recent years and provides a more general framework within which to locate some of the ideas associated with the arena concept. Thatcher (1998) in a recent review of the field, identifies a central strand as the use of policy network as a generic concept in which to embrace a variety of types of state interest group relations. As well as encompassing a spectrum of the macro political concepts of pluralism and corporatism it embraced more specifically the range of policy subsystems from 'policy community' (Jordan 1990) to 'issue network'. (Heclo 1978) The new emphasis on policy subsystems flowed from empirical studies which suggested that for many policy areas the general political and legal institutions were not the primary forum in which they were considered but instead interactions occurred within a particular set of state and social actors. The 'policy community' concept tended to emphasise stability and closure in such subsystems while that of 'issue network' suggested fragmentation and diversity.
The evolution of the concept of policy network has been accompanied by the elaboration of criteria on which to base a network typology. These have included integration, membership, distribution of resources, sector boundedness, stability, mobilisation of business interests, autonomy and concentration of the state. The most elaborate includes 7 criteria: actors function, structure, institutionalisation, rules of conduct, power relations, actor strategies. (van Waarden 1992) . Many of these studies derive criteria from different theoretical and empirical traditions within political studies and are not explicitly constructed in terms of network concepts.
One group of studies, however, draws on social network analysis to delineate the 'pattern of relationships' in a policy network according to network positions of actors (eg centrality, strong and weak ties) and/or forms of exchange (eg information or resources) between actors. Investigative and modelling methods are deployed which enable the 'mapping' of linkages between policy actors and which include, without prejudgement, a diversity of actors (eg private and public) , and of links (eg formal and informal). (Knoke 1990 , Marin & Mayntz 1991 . The aim of such studies is to analyse the 'structural configuration' of policy networks in order to explain more systematically the conditions within which actors seeks to influence the policy process.
Thatcher (1998), criticises studies within both this and the political studies school for the limitations of their treatment of the relationship between policy network types and either policy processes or outcomes. Borzel too (1997) argues that only a small number of authors have been ambitious enough to seek to attach explanatory value to the different network types ie that 'the structure of a network has a major influence on the logic of interaction between the members of the networks, thus affecting both policy process and policy outcome' and observes that 'no hypotheses have been put forward which systematically link the nature of a policy network with the character and outcome of the policy process'. A further criticism directed by Thatcher at both schools is the failure to explain why networks change, alter or arise and what factors, eg the role of the state, influence the 'distribution of resources among actors, the shape of the networks and the positions occupied by actors within them'. Important issues are the inclusion and exclusion of actors and the rules for their behaviour.
While accepting the greater rigour of social network analysis, Thatcher argues convincingly that it needs to be combined with a wider body of political theory in order to explain the policy process effectively. This is recognised as a difficult undertaking in terms of the identification of coherent and testable propositions and one which requires a more focused and less grand orientation in order to reduce 'the gap between the ambitions and achievements of network approaches'
Although the policy network approach has attracted criticism for its traditional focus on the stability and continuance of network relationships and its lack of concern with. policy change this has begun to shift significantly in recent years. Sabatier's (1988) 'advocacy coalition framework' has been influential in this. This argues for the importance of studying policy making as a process operating across the various institutions of government which cannot be effectively addressed by the traditional institutional approaches of political science. Stage models of the process are criticised for over simplicity and a top down focus. The ACF framework argues that to understand policy change it is necessary to focus on a policy domain for a period of more than a decade. Actors from all levels of government need to be considered and policies should be conceptualised in a similar way to belief systems. Actors can be aggregated into a number of 'advocacy coalitions composed of people from various government and private organisations who share a set of normative and causal beliefs and who often act in concert. (Jenkins-Smith & Sabatier 1994) 3.4 Visualising policy networks Brandes et al (1999) argue that graphic visualisation of policy networks has considerable value in the furtherance of network analysis and has become more feasible with developments in computer software. They consider that visualisation can facilitate exploration and comparative analysis of network data but this requires a systematic approach to the production of such visualisations based on a definition of explanatory requirements and graphical excellence. The basic goal of the study of policy networks is defined as the 'structural description of the actors and the analysis of relational configurations that are involved in the making of public policies'. Policy network research requires the delineation of the 'set of relevant actors engaged' and the identification of the 'relations among the actors which are of particular significance and consequence for the policy outcome'. The goal is to explain a certain policy by the 'structured interaction within the actor set' with structuring understood as 'an emergent effect which restricts as well as enables'. Two types of structural analysis are pursued: 'connectedness' in terms of the links and flows between actors and 'profiles' of relations in which an actor is involved and their 'equivalence' to other actors. Each of these may be employed at the different levels of actor, group and network and both syntactical and semantic attributes need to be conveyed. It is argued that 'visualisation can enhance the understanding of complex multidimensional settings by separating different kinds of information' Since in policy network analysis there is interest in exploring the different levels of aggregation simultaneously a desirable visualisation technique would 'combine the associated perspectives in an information-rich design that allows us to switch between detail levels within a single image.' The authors make proposals for methods to bring together the three requirements for effective visualisation of policy networks: substance, design and algorithm.
A research framework for exploring innovation and risk networks
Recent work on both innovation and policy networks shows a convergence in approach with a shared interest in capturing a diversity of structural and relational features of networks through visualisation and mapping. Concepts from social network theory such as strong/weak ties, gatekeeper/boundary spanning roles, network size and density are becoming integrated with organisational and policy concepts such as cha nge management processes and political modes of representation.
The investigation into innovation and risk in the food sector is located in this framework and analyses the actors and their relationships involved in four different generic food innovations associated with visible controversies over risk. These innovations are located at contrasting points in the food system and express different aspects of consumer or environmental risk.
The focal actors in the innovation networks are the organisations which have been directly responsible for the commercial innovations entering the market in the country concerned. These are known as the core innovators. The other network actors are those outside of these core innovator organisations which have made a specific contribution to the development of the innovation. These might include research organisations making knowledge inputs, public bodies offering research grants or regulating the innovation, customers making certain requirements.
The focal actors of the risk network are the policy actors with the power to make decisions on risk. Other members of the network are those organisations or individuals who undertake actions to influence collective social decisions concerning these risks. The actors can be identified through various methods, such as formal representations in the policy process eg evidence to a public inquiry, visibility in media coverage of the issue, snowballing methodology after identifying one or two core actors. There is also a wider set of actors eg the public, professionals etc who may have views on the issue and who are the audiences or constituencies to which the core actors may relate in some way.
Through the systematic mapping of these innovation and risk networks it will be possible to compare the configuration of these two types of network and elucidate the relationship between them. Comparisons between subsectors of the food sector, subdomains of risk policy and nations will enable an assessment of the influence of these different settings on network characteristics.
There are two broad propositions in relation to innovation and risk networks in the food sector which merit particular attention. One is that interorganisational networks have become more important in the innovation process which has changed the traditional influence of large firms. The other is that the policy networks around agriculture and food have changed significantly in form in the past two decades from closed and stable to more diverse and volatile. (Smith 1991) The method adopted will enable answers to be given as to whether such general network characteristics hold up in a such complex sectoral and policy domains.
